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Ha¨mmerling predicted the existence of mRNA and defined
polarity as a gradient of ‘‘morphogenetic substances’’ in
Acetabularia predating by several decades the ‘‘discovery’’
of mRNA by Jacob and Monod in E. coli and of gradients of
mRNA by Lewis, Nu¨sslein-Vollhardt and Weischaus in
Drosophila. Acetabularia is experimentally tractable, enabling
studies in physiology, development and cell biology. Genetics
and genomics in Acetabularia are facilitated by its simple
mating system, high fecundity, our near-isogenic line (NIL),
and high-frequency, stable transformation with Agrobacterium.
The ability to withstand amputation and grafting allows
insights into cell and developmental biology not possible in
other systems. Possessing a giant cytoplasm reliant on just one
diploid nucleus, this cell depends on post-transcriptional
mechanisms to regulate morphogenesis and development.
Acetabularia challenges how we think about the architecture
of organisms because it undergoes elaborate growth and
morphogenesis in the absence of cellularization and even in
the absence of the nucleus. Acetabularia challenges how we
think about the architecture of cells because it surpasses the
length scale of most unicells: during development it scales
from 10 um to 4 cm and then from 4 cm to 10 um. Finally,
Acetabularia offers opportunities to study evolution of the
genetic code because the Dasycladales, like the ciliates, use a
non-cannonical genetic code. Acetabularia and Volvox are the
only two models in the left-hand clade of the Green tree of
Life.
doi:10.1016/j.ydbio.2006.04.061
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The origin of vertebrate fin development
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The development of paired appendages from lateral plate
mesoderm was a major evolutionary innovation for vertebrates.
In the fossil record, paired fins appear after median fins,
suggesting that mechanisms of fin development were assem-
bled first in the vertebrate midline. To test this hypothesis, we
have investigated the embryonic origin and molecular devel-
opment of median fins in sharks, which have both paired and
median fins, and in lampreys, which have median fins but
diverged from the lineage leading to gnathostomes before the
origin of paired appendages. We found that shark median fins
develop from a continuous finfold that is derived from paraxial
mesoderm. Hoxd and Tbx18 gene expression boundaries along
the finfold mark the sites of prospective dorsal, anal and caudal
fins, suggesting that, as in paired limbs, these genes establish a
molecular map for median fin position and identity. Each
median fin bud then acquires an anteroposteriorly nested
pattern of Hoxd expression, and proximodistal outgrowth
occurs beneath an apical ectodermal ridge (AER). We go on
to show that median fins of lampreys, which diverged before
the origin of paired fins, also originate from paraxial
mesoderm. Regionalization of the lamprey finfold is associated
with patterns of Hox and Tbx expression similar to those found
in sharks. These results reveal that, despite their different
embryonic origins, paired and median fins utilize a common
suite of developmental mechanisms, and that the genetic
program for fin development evolved in the midline prior to
the origin of paired appendages.
doi:10.1016/j.ydbio.2006.04.062
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Asymmetry of beta-catenin localization in anterior-posterior
cell divisions in the spiral-cleaving polychaete Platynereis
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Beta-catenin is a key molecule in the canonical wnt-
signaling pathway where it activates target gene expression
in the nucleus. The early roles for beta-catenin signaling are
surprisingly different in developing metazoan embryos. To gain
insight into the ancestral role of beta-catenin signaling we
choose to study the polychaete Platynereis dumerilii. Its slowly
evolving gene content and its phylogenetic position as a
lophotrochozoan representative make Platynereis an attractive
model for inferring ancestral functions and linking invertebrate
and vertebrate model systems. Platynereis embryos deploy a
highly stereotypic cell division program called spiral cleavage
that generates blastomeres of defined size and cell fate in a
series of anterior-posterior (a-p) oriented cell divisions. We
observed beta-catenin localization during the first 70 embry-
onic cell divisions from fertilization through spiral cleavage
stages up to the emergence of bilateral symmetry. In every cell
division beta-catenin demonstrates a stereotypic binary off-on
mechanism in nuclei of a-p daughter cells, respectively,
independent of blastomere size, cell cycle, cell fate, and cell
lineage. Interestingly, this rule is broken in transverse/bilateral
cell divisions. This pattern may relate to the roles of beta-
catenin signaling in embryonic a-p patterning in C.elegans,
deuterostomes, and insects. We propose that the a/p asymmetry
of beta-catenin between daughter cells constitutes an ancestral
versatile developmental module of pattern formation that was
deployed and modified throughout evolution in metazoan
embryos.
doi:10.1016/j.ydbio.2006.04.063
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The freshwater cnidarian Hydra has been used as an
experimental system for studying developmental processes
for over 250 years. These processes include pattern
formation, cell differentiation, morphogenesis, and regener-
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ation. Studies at the molecular level are showing that many
developmental processes in Hydra use pathways that are
well-known for their roles in bilaterian development. The
recent completion of the sequence of the Hydra genome has
made it possible to begin producing a parts list for Hydra.
This list is turning out to be surprisingly complex. The
recent development of a method for producing stably
transgenic Hydra will allow functional and biochemical
studies of developmental pathways.
doi:10.1016/j.ydbio.2006.04.064
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